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AN INVESTIGATION AT LOW SPEED OF A LARGF-SCALE TRIANGULAR

WING OF ASPECT RATIO IWO.— I, CHARACTERISTICS OF A WING
HAVING A DOUBLE-WEDGE AIRFOIL SECTICN WITH
MAXTIMATM THICKNESS AT 20-FERCENT CHORD -

ByiAdriqn E. Ardsrson

SUMMARY

in inveatigation has been made of the low-speed characterlistics
of a 25-foot apan triangular wing having an aspect ratio of two, The
airfoil section of the wing was a symmetrical double wedge with
5 percent meximum thickness at 20—percent chord. Force and moment
data were obtained at several angles of sildeslip for varilous conflgp—
rationa of 18.5-mercent arve, comstant—chord split flaps, JO—percent—
chori nose flape, and semispan split—flap-type allerons. Lift end
dreg data were c¢btained from the plain wing throvgh o limited angle—

of-attack renge £¢or Reynolis number varying between l3 and 34 million;
a8 based on the mean aerodrmamic chord.

The results of this investigation show that there are two
regimes of force and moment cherocterisitics exhibited by the wing,
the transition from one toc tiae other being indiceted by brepks in
the force and moment curves, These brecks, which oscurred at
different veluss of 1ift coefficlent devending upon the wing
configuration, are belleved to Iindicate an intense separcted flow
at. the sharp leading edge of the wing.

low the breaks it wos ccncluded that-

1. 8Split flaps had moderate l*ft—proauring and tr*mming
_effectiveness.

2. There was & l2-percent sitatlic margin in longitudinol
gtzbillity about the one—quuiter mean asrodynumic chord.

3. Dihedral effect and directionnl stability increased with
increasing 1irft.
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k, Latersl control remsined constant, exsept in sideslip,
when the effectiveness of the downstream aileron
dropped off. . .

5Q The wvalues of rolling and yawing moments varied quite
: uniformly with Increasing amounts of elther sideslip

or allcron 4oflicction.’

6, Nose flaps were of no bemefit as 1ift devices.
Above the bresks the following cheracteristics were obtained:
1. Split flaps had low lift-producing effectiveness.

. 2. There.was & reduction in the amount of static margin in
' longitudinal stabi)ity

3. Dircctional stability, dihedral effect, and laeteral control
dropped off rapldly with increasing 11ft coefflelent.

k.  The valueé of rolling and yewing moments changed raplidly
with increasing amounts of eolther sideslip or alleron
Jdeflection.

5, Any beneficial effects of pose flaps were obtalned at the
secrifice of othexn favorablb characteristics.

Intrcductioa

Wings of trianguwlar nlan form have become of interest recently,
particularly in the search for wings guitable Tor high-—spesd flight.
" Until now, however, practlcelly all availeble asrodynemic informatiomn
on wings of triangulaxy plan Torm has been confined to studies of
small-scale models. In order to obtain data for a large-scale wing
of trianguler plen form, having an aspect ratio and maximum thickness
suitable for supersonic flight, an invéstigstion has been conducted
in the Ames LO— by 80-foot wind tumnel. The results of this investi-
gation, which ere for a wing of aspect ratioc two and & maximum thick—
negs equal to S-percent of the chord, are reported herein. Although
only a brisf analyais of the dats haa been made at this time, Infor—
mation has beén provided which will allowv an insight into the Yow—
speed problems of a wing sultable for supersonlc flight,
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.- - SYMBOLS AFD CORFFICIENTS

The standerd NACA coefficients and symbols used within this
report are defined below ant in fizure 1:

Ve
A aspect ratio | '255)
: \ =/ _
a free--stream angle of sttack, degress

ase ra.te of change of angle of attack with flap deflection for
congtant 1ift coefficlent . - o

dn Incremsnt of angle of attack cve to wind—tunnel--wall
interference, degreos
b wing span, foet
B8 . engle of sideslln, degrees
c wing chord,-_maasured parallial to alr stroam, - feet
) mean asrodynanic chord, mesasyred parallel to elir stream, feet
C wind—ttmr_el—test—eection areg, normsl to alr streasm, aguare
feet
oy, 1186 coeffictent | LILE) -~
a8/ _
CD drag coefficleont / —t
\ @/
CDI' Ircrement of draeg coefficient due to wind—tunmel-wsll
1ntefferen\,e
.P+ .’ -
Cr pitchi_ng—moment coefficient /B behing momept )
. ’ \ gS¢c y
" -+ [Toliin £0)
C;  rolling-moment coefficiént t\ ---—-.‘-:—fs%ﬁoml—)'
Gy s:.d.e—forca coefficient KSid'e f.?fﬁ.e)

CZB rate of change of ra.'tling--mmnsnt coeff‘icient ~sith sldeslip,
per d.egroe
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rate of change of ya.wingmoment coofficient with sideslip,
per degieo

ng rata<pl changs of rolling—moment coefficiont with alleron
& angle, per degree

Cng rate of change of yawing--mome b cqpfficiont with aileron

a az:g‘Le, per dagrea ~ _ )
Bg aplit-flap—-type a.ileron deflecticn, mcasurod. parpend.icula.r
{ to hinge line, degrees’
5f C8plit-flap deflection, mea.surad pe-*pandioular to hinge line,
degrees N _ . .
Sy ‘ Wind?-tunhel;wall—interferenco correction factor -

L/D  ratio of 1lift to dreg

v kinematic viscosity, sg_ﬁare feet per secand
q dynamic pressure, pounds per squaers foot -
R Roynolde number ( Yﬁ) i’
AN : )
S wingjarea; square feel
v froe-stream velocity, feot per second -
EQUIBMENT

" The plan form of the wing was that of an isosceles triangle
with an apox angle of 53.13°, which made the angle of sweopback of
tho leading edge 63.13° and the aspect ratlo two. The wing had a
symietrical double—wedge airfoll séction with a maxiirnm thickness
of 5 percent at 20 parcent chord. The princlipal dimensions of the
wing are glven in fTigure 2. :

The structure of the wing conslsted of & plywood skin attached
to a steol frame which was built around a boxed~in H-beam, the latter
sorving as the tail boom. It was nocessary to uge a tall boom for
mounting purposes wlth the strut arrangement omployed. )

The hinge line of the split flaps wes located parailel to the
trailing edge of  the wing. The span was torminated at the-line of
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maximum airfoll-ssctlion thickness (86 percent of the wing span)},
thus establishing a flap ares equal to 18.5 percent of the wing
area. (See fig. 2(b).) These flaps could be atbached to either
the upper or lower surface of the wing, were adjustzble through &
flzp deflectlion rangs of 60°;, -end wore divided at the center lins
of the wing so that split-flap-type ailerons could be simulated.

The l0—percent~chord nose fleps extended over the same percont
spen as the split flaps, and were deflectoed forward and down %o a
fixed engle of 1k.5° (measured mrellel to the wind stream end with
refersnce to the projected chord plane of the wing. (See fig. 2(b).)
The leeding edge of the nose flap was rainforced wilth tubing of
varying diameter which formsd a nose rad.ius averaging approximately
0.002¢c at sny polnt.

Figurs 3 presents general views of the wing for various
configurations,

TESTS

Force and moment date were obtained through the engleo--of—
attack range at various angles of sideslip Tor tho plaln wing,
end for the split £lap and the split—-flap—typc—a* jeron conflgu--
rations of the wing. In the case of the nose flaps, howcver, date
were cbtainsd only at zero angle of sideslip. The mejority of the
investigation was conducted at dynsmic pressures between 15 and 25
pounds per square foot which corresponds to a Reynolds number rangs
of epproximately 11.8 x 1G% to 15.k x 10° as based on the mean
aerodynamic chord. Tift and drag date were obteinecd for the plein
wing through a limited angle—of-atteck range at Reynolds nurbers
between 13 x 108 and 34 x 108. Table I contalns a summary of the
various configuratlions tested. _

RESULTS

The deta are presented gbout the stebllity axes with their
rigin located at 50 percent of the rcot chord, which corresponds

to the intersection of the rcot chord and a 'line__,joining the guarter—

chord statlon of the mean asrodynamic chcrds.

A1l the deate have been ccrrected for air—stresm inclinstion and
for wind—-tunnel-wall effect, the latbter correction being thut for &
wing of the sams span but With rectangular plan form. The fcllowing
corrections, baged on the theory of rcference 1 for a wind tunnel
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with oval cross soection, were applied:

op = By £0f, x 57.3 = 0.738 ¢

Cpp = Ow.§ G = 0.01277 G°

)

where -

8, = O. 1167 and C = 2856 sguare-feet '

bona*deratjon of the foroes actjng on the tail, boom fndioated '
that ite tars effect would be negligible, Drag and piitchins-monent
tares resulting from strut intorference, based on tarcs obtalncd with
a roctanguler wing, were applied to thko datsa,

Teble I, the summary of the configurations tested, should also
8erve a8 an index for figuros L to 13 In which the basfc dats aro
pregented. :

The asrodynamic effoect of the gap between the two khalves of the
split flap (fig. 3(b)) wes iInvestigated by eealing the gap. The
effect, as shown in Tlgure 5 for a flap deflection of 29.5°, wes
considered to be noglligible; honce, the gap was leofit unscaled for the
other flap deflections.

DISCUSSION
Longitudinal Charactcristics

The lift—curvse slopc through zero 1ift for the plain wing was
0.040 per degroe compared to 0.Ch5 as predicted by lifting surface
thoory (reforence 2) for a wing of aspect ratio two. The .theory of
rafersence 3 glvea a valus of 0,055 per degree; however, this thoory
ls appliceble only to winge of very low aspect ratio.

The maximm 1ift coefficient of 1.36 obteinod with the plain
_ wing compares- favorably wilth that obtzined on wings of conventional
plan form and aspect ratio. However, Cr 1s obtained at 339 angle

of atiack, walch results in an oxcessive landing attitudo. ' .
The discontinuities which appear in the 1lift curvos shown in

figure 4 are belloved to be the result of boundary-leyer separation
around the sharp leseding edge of the wing. This type of flow has boon

l

L "
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oreviously discussed in refersnce 4. The severity of these breaks

and the valus of G, at which they occur increased with increasingly
positive flap deflection; whereas incroasingly negative flep deflections
had the opposite effect.

The 1ift—producing eff‘ectivenass of. eplit fleps is usually
represented by the perameter ag- ; however, for this wing the use ai‘
e leads to an erronsvas irtarprotation of flsp effectivoness.

It appears from the og, curve (fig. 1%) that the lift—producing

sffectiveness is the same (-0.23) above and below the bresk in the
1ift curves. (The irregularity shown on the curve is a result of the
progressive change in the magnitude of the breek and the angle of
attack at which 1t occurs.)} Since e roprogents, through zero

"flap deflection, the rate of change of angle of attack of the wing

with flap defloction at a zivon 1lift coefficiont, consideration .
must be given to the increment of 1lift dus to e given Ilsp deflsesctin
at various angles of attack (fig. 15). In the renge of anglsa of
attack below the bresk in the 1ift curve (represented by a = 0° and
13° in fig. 15) tho lift~producing offectivencss holds quite well
with increasing flap deflection; whersas beyond the brosk the rapld
reduction in lift--curve slope causes t‘w etffectivenoss to drop off
rapldly (shown by tho curves for -« = 1G° and 24°). For ths negative
flap-deflection range tosted there was 11ttls or no change in the
almost linear variation of flap effsctivencss.

The curvz for maximwm iift in figure 16 indicates that the
largest increment in Cp which could be obtainod from the split

flaps was 0.0k at an 18° flap deflection. Correspendingly there
was a reduction of 2° in the angle of attack for CLmex. Further

increase in flap defiection resuitod in & lcss In 1ift, until at
59° flap deflection the valus of Crpex dropped below that for the

plein wing by an incremcnt of 0.08. It 1s thus apparent that split
flaps are of littls or no valua in increesing Cy

The use of noge flaps resulted in en Increase :Ln 1ift over ths
plein wing configuration et englos of attask greater then 18°%; up
to this point thers wes only & slight roduction in 1ift.(Spe fig.6(a).)
At maxirmm 11ft there was an Incrosse Iin -&#max of 0.25; however, this

gain was realized omly by going to 5° higher angle of abtasck  (38°).

+ The use of nose flaps in conjunctlion with split flaps falled toi
alter the split—flap effectivencss apyreciably as rogards to maximmum
11ft; that is the 1ift curve for 44.5° Flap deflcotion still dropped
below the 1lift curve for 22,0° flap deflection at high angles of
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attack. By the use of nose flaps in conJunction with split flaps
déflected 22.0°, & gain of 0.27 in O .. over the plain wing was
realized by increesing the angle of attack fram 33° to 34°.

It should be noted that the drag curves of Pfigures 4(b) and
4(c) exhibit breaks corresponding to breaks in the 1ift curves and
increase in severity with increasingly positive flap-deflection
engles. The minimun drag of the plain wing decreased from 0.C091
at a Reynolds number of 14 x 108 to 0,0080 at 34 x 108, as shown in
figure 7. The lift—drag curves of this figure do not cover a suffi—
cient.1ift range to determine if there iam a change in the drag, due
to 11ft over the Reynolds number range congidered.

The maximum lift—drag ratio of 10.1 (fig. 17) was obtained at a
Cr, of 0.17, which is well below the.Cy range for low-spsed flight.
Beyond this point the value of L/D dropped off rapidly to, the very
low value of 1.6 at Clmax. It 1s noteworthy that the L/D curve for
a 22° flap deflection is coincident with thet for the plain wing at
large values of 1ift coefficient. - -On the other hand with the flaps
deflected —£2.0° as for trim at C = 0.81 (o = 22°), the value of L/D
was 2.3 as compared to a value of 3.h for the plain wing at the same
Cr,. If landings are to be made at conventlional values of wing load~
ing and L/D (6 to 7) the curve for the wing with zero flap deflection
indicates the necessity of landing 1ift coefflcienis as low eas 0.k,
Since, ad previously noted, any attempt to trim the alrplane will
cause the L/D to drop, it becomes apparent that power wlll be noeded
to maintain a sizeable L/D in landing.

_ Longitudinal stability about the one—quarter mean aerodynamic
chord point was maintained up to end through the atall except for
the unstable bresks in the moment curves (fig. 4(d)) corresponding
to the breeks jin the 1lift curves. The average value of dGm/dCL
between a lift coefflcient of O and 0.6 was —0.12 which indicates _
an asrodynamic center {neglecting dreg) locstion at 37 percent of
the mean aerodynamic chord. The corresponding location on the root
chord is 9 percent shoad of the centrold of arsa, that is, 58 percent
of the root chord. '

Large flap deflections produced a destabilizing effect at 1ift
coefficients above the break in the curve. .For example, 'dcm/dCL
varied from -0.14 at Cp, = 0.k to -0.09 at Cp, = 1.0 with flaps
deflected 22.0°0; and from --0.15 to «0.02 over the game Cr, renge for
flaps deflected 59.0°. The severity of the breeks increased with
increasingly positive flap deflections eand reduced with increasingly
negative dsflections. : e : : :

i
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The effectivensss of split flapse as a trim device; that ls, when
deflected negatively, was relatlvely unaffected by the bresks in the
pltching-moment cwrves (fig. 18). However, at positive deflections
the increment of pitching moment held up quite well for engles of
attack below the break in the curve and dropped off ra.pidly at angles
of attaok gbove the 'brea.k.

Nose flaps (£1g. 6(c)) not only caunsed a re&uction in the pitch-
ing moment, but produced & greaber .8tability change in going from
Cr,'s below the break in the curve to Cy's above. Note the reduction
in the amount of longitudinel stability at low values of Cr, and the
neutral stebllity at high Cr's for the plaln wing (instability when'
deflected in conjunction with split flaps.) Also there was 1ittls or
no reduction of the breaks in the pitching-moment curves when the
nose flaps were deflectsd. .

Lateral Characteri gtics

The lateral characteristics of 'bhe trie.ngiﬂ.ar wing s 88 deter-
mined from thé basic data in figures 8 &nd 9, ere swmarized in
‘Pigure 19. The plain wing had & positive dihedral effect which
increased steadily to .a maximmn velue (CZB‘ -0.0020) at a 1128
_coefficient (Cp, = 0.55) which corresponds approximetely to the
point at which a change tekes place ih the type of £low over the
wing. Beyomi. this point thers is s gradual reduction in 07,5 '
untlil at C 1% was s.pproxima.’cely one=third ‘the maximun value,

Part (b) of the same figure, contains the curve for the wing with
split flaps at 4h.5°, The ganera.l pattern of the curve is the same
as for the plain wing. The ebrupt reduction near the peak is the
result of the break in the C; egeinst Cj ocurve for -3.7° side-
slip (fig. 9(c)). It 1s quite possibls that this break was duve to
some asymmetry of the flaps, for there was no corresponding break .
in the basic curves for the plain wing. Unfortunately no dets were
obtained et +3.7° sideslip with Plaps deflected 4l .5° which would
permit e verification of the model asymmetry theory. ’

The Cip cui'ves, are drawn gs dashed lines at large values of Cr,

to indicate that in this region the wing exhiblted a nonlinear
variation of rolling moment with sideslip. Typicel examples are
shown in parts (c) end (d) of figure 19 as curves of C; against B
foxr va.rious valuea of Cr+ In -the case of the plain wing the curve
for Cr, = 0.10 is approximately linear up to 16° of sideslip, while
the curves representing -Cr, = 1.02 exhibits e sudden reversal in slope

—— — = s
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beyond 8 of’ gideslip. Somswhat similer conditions existed for ths
wing with flaps-deflegted Ll 5 . Hence, the CZB curves should be

considared as indicative of the ccndition existing at + 40 of side—;
slip. ' . o .

Split—Flap-type alleron effectivenass is sumarized in fiouve 20
from the data in figures 10, 12, and 13. (Fote -that only cne aileron
was deflected at a time.) Aileron effectiveness at zero sidealip
(”15 = 0,00080) remeined constant up 0 approximatelJ the- llft coeff*

clent (CL = 0,50) at which .thers was & change in the type of flow.
over the wing, snd then dropped_to only one-helf the-origlnel value
&t CLpaxs At 11,9° sideslip the left, or treiling aileron indicated
more effectiveness theén the right one at low-values of Cr, but its
effectiveness dropped off repidly until at s Cr, of 0.8 it was loss
effective thsn the right one., The Cgo‘ curvesg have heen terminated

at a Cp, of 0.8, since beyond this velue the cuives of rolling-moment
coefficient egainst ailercn deflection show extreme var ationa from
linearity. .In part (b) of figure 20, it is shown that remardicsd of
the value of Cf, theve 18 = reascnably linesr varistion of" Cz wita.
B at zero sideslip, while in parts (c) and (4) for 11,9° sideslip, -
there is pronounced nonlinearity at large values of CL. It is obv40us
that teking the slope of these cwrves through 53 = 0 would only lgad
to an erroneous 1nterpretat10n of aileron effectlveness.

Directlonal Charaoter s+ics

The plain wing exhibited 1nc“easina directional stability
{dCn./dCT, # 0.0010) up to a O = 1,05 with and Without flaps
deflected (fig. 21, a summery of figs. 2 and 9). Beyond this point
the directional stability decreseed rapldly to zero at the stall.

It 1s of interest to note that the directionel stability did not
drop off when the flow over the wing changed at a lower 1ift coeffi-
clent. However, above Cp = 0.8 there is a pronounced nonlineas
variation of Cn with B, particularly for angles of sidsglip
greater then 8° as shown in figures 21(») and 21(d). The Cng

curve 1s shown as a dashed linc in thils regicn. The slignt dip in
the curve at a Cf, = 0.85, for the- flaps—deflected condlition, corre-

sponds to the break in the correspond’ng CzB curve of figura 13.

.The deflecsion of a single aileron pvoduced an adverse yawing. -
moment which varied almost lipcarly (an5 /dCL’=—0 00023) with

increasing €y, for the two angles of sideslip considered 0° and ll,9°.

(See fig. 22 for & summary of figs. 10, 12, and 13.)
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Particularly noteworthy 1s the fact that when. tne wing waa at high
angles of attack and 11.9° sideslip the ailercns exhibited different
yawing-moment characteristics, depending upon which direction they
woere deflected. - (See sxamples in parts (c) and (4} of fig. 22.)
Undér such circumetences the value of 01_-15& becomos Iinaignificant,

since Cnﬁa is the rate of changs of Cp with By through & =
For this reason the curves of Cnsa heve been terminated at a

Ci, cof 0.8. T

CCHCEUDING FEMARKS

It appears from the results of this investlgation that there are
two types of flow over the wingz, typified by amcoth flow at low 1lift
coefficients and by separabtion off tne sharp leading edge at high
11£t coefficients. Tho trenaition from one type of flow to the other
was ‘ladicated by breaks. in the force apd momuent curves., These breeks,
which occurred gt different velues of 1ift coefficients, deponding
upon the wing confliguration, indicatse the divieion between two
generally different regimes of wing characterietics.

The maximum 1ift coefficient of 1.36, obtainsd at an a.n:sle of
attack of 33°, for the plaln wing was incremsed to only 1.40 by the
use of 18.5-percent—avea split flaps deflected 18°. Flap deflections
greater than 18° resulted in a reduction in Cf until at 59,0° the

Clpmex Was lese than thet of the plein wing by 0.08. Tho use of 10—~ -

percent—chord mose Flaps deflected 14,50 produced a maximun Lift
increment of C.20 for the plain wing, but increased the angle of
attack for maximum 1ift to 38°., The wing has longitudinal stability
about the one—guariter mean acrodynamic chord point (averagze

%—gm = — 0.12 for the pla*n winz) up to a.nd through the stall except

L

for the unstable breaks in the moment curves nesr O T lift coefficient
and except for very lerge Flep deflections, which indicated a strong
deastabliiizing offect et 1ift coefficients gbove the break., The wing
exnibited positive dlhedral effect and dirzctional Btanility in side—

/7 ac
slip { —B = — 6.0036; --B-~o 0010, for tho plain wing : but the
\ acCy, . L /

values of rolling snd yewing moment changed ebruptly at large angles
of attack in sideslip. Allorcn effectiveness (015& = 0,00080) was
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maintained up to & Cr, of 0.6 end decreased only slightly thereafter.
.The ‘rate of change of adverse _yawing moment; with aileron deflection

increased. almost linearly With 1ift, coef; icient / —Qﬁ &~ O oco33)

\ ac

howaver this pa.rameter wae greatly in.fluenced by the diraction of
the aileron deflection at large values of 1ift in sideslip,

Ames Aerondutical Laborgtory, ' -
National Advisory Committee for Aercnautics,
Moffett Field, Calif.
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TABLE T.— SUMMARY OF CONFIGURATIONS INVESTIGATED
. __Wins Conflgurstion
Flg— ! Angle of | Split Ailercon Reynolds Data
ure Sideslip | Flap Tumber Presented
L 0.0° | —2.0° -1 —_——— '
—16.5°
~11.0°
-6.0°
0.0° a
5.59 11.8¢1C8 v8 [ c
11.0° and CL Cﬁ
17,0° |15.4x108
22.0°
, 29.5°
Lk 5©
| 59.0°
5 0.0° 2g,50 - ——— -
Gep 15.5x108 | — — — —
' No Ga.p_ _
& 0.0° 0.0° | 1k.5° _——— 13.8x108 | — — - —
22.0°
iy, 50
7 0.0° 0.0° - —_———— 12.3 to GL 8 Cp
32.2x108% | Cp,'vs R
8 -3. 70 0.0° - —_———
0.0°
h.zg
7.9
11.9°
16.0°
9 -3.7° L. 50 -1 e
0.0°
7.9°
11.9° _ @
10 0.0° - - Right Cp
—£2,0°;-11.0C . (o
"0.0%; 11,00 15.4x108 | Cy, vs Cy
11 L, 20 _——— — Right g;:l
- 0.09; 11.0°
12 11.9° - - Right,~22.0°
: : —11.0°; 0.0°;
. 11.0% 22,0°
13 11.9° - — — - Left, —22.0°;
~11.0% 0.0°
11.0%; 22.0°
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FIGURE /. — SIGN CONVENTION FOR THE STANDARD
NACA COEFFICIENTS. ALl FORCES , MOMENTS,
ANGLES | AND CONTROL SURFACE DOEFLECTION
ARE SHOWN AS POSITIVE.
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Figue 3.~ Continued,

(b) Split flapa at 29.5°.
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(c] Nose flaps at 15° plus split flaps at 220,
Figure 3.~ Conoluded.
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